Objective. To further document the measurement properties of each domain of the OA of knee and hip quality of life (OAKHQOL) questionnaire by a Rasch analysis.
Introduction
Quality of life (QoL) instruments are widely used to measure the impact of diseases in terms of pain and symptoms as well as physical functioning, mental health and social functioning. Their usefulness is recognized once they have undergone a rigorous validation process and show good measurement properties [1] . Because lower limb OA affects specific aspects of QoL [2] , specific instruments may be useful [3] .
The OA knee and hip QoL (OAKHQOL) is a selfadministered questionnaire specifically developed for knee and hip OA [4] . Its factorial structure was assessed by exploratory principal components analysis (PCA). Its psychometric properties were evaluated according to the classical test theory (CTT): construct validity, reproducibility and sensitivity to change [5] . Results were satisfactory but the CTT did not consider important aspects of measurement such as item properties, ordering of response categories and invariance across conditions and populations.
The item response theory (IRT) provides supplementary methods to investigate the properties of health outcome instruments [6, 7] . This theory describes the level of a subject's characteristics on the measured outcome (underlying trait) as a function of responses to the items as well as item properties. The simplest IRT model is the Rasch model [8] and has proved useful to evaluate the properties of health outcome measures [9] . We aimed to further document and validate the measurement properties of each item of the OAKHQOL, using Rasch analysis.
Materials and methods
This non-interventional study was approved by the French Consultative Committee for data processing in health research (CCTIRS) and authorized by the National Committee on Informatics and Freedom (CNIL). Written consent was obtained from each included patient.
OAKHQOL scales
The OAKHQOL questionnaire contains 43 items and describes QoL in five domains: physical activities (16 items), mental health (13 items), pain (4 items), social support (4 items), social functioning (3 items); and 3 independent items [5] . Each item is scored on a scale from 0 to 10. When at least half the item scores in a domain are missing, the score for that domain is dropped. Scores are obtained by computing the mean of the item scores for each domain and normalized to a scale from 0 (worst) to 100 (best possible QoL).
Patients
We used data from a multicentre cohort constituted for the first validation study of the OAKHQOL questionnaire [4, 5] and for the AMISAT study [10] . Patients were recruited between 2002 and 2005 from six rheumatology and orthopaedic surgery outpatient clinics in Paris and in the Lorraine region (France). Inclusion criteria were hip or knee OA according to Altman's criteria [11] , age >18 years and no other disabling disorder. Exclusion criteria were an indication of total hip or knee replacement surgery for a reason other than OA and another total hip or knee replacement within the previous year.
For the analyses, patients at the post-operative stage were excluded because their number was low, while patients medically treated and waiting for surgery were considered to represent a wide enough variety of OA severity. Data for patients with both hip and knee OA or with missing data on the involved joint were excluded to avoid a bias in analysis of the measurement invariance by the involved joint. Data for questionnaires with >50% missing data in a domain were excluded.
Rasch analysis
Analyses were conducted separately for each OAKHQOL domain. We used a partial credit model [12] , which extends the Rasch model for polytomous items. Distance between response categories was constrained to be equal within each item, as an 11-category rating scale shows near-interval-scale properties [13] .
Fit of the data to the models was assessed according to recent recommendations [7] . Details regarding the analyses are presented in supplementary data available at Rheumatology Online. Item fit was explored with standardized residuals (expected to be between À2.5 and +2.5, with a mean (S.D.) value of 0 ($1), chi-square statistics and examination of the item characteristic curves (ICCs). The internal consistency of the domains was examined with a person separation index (PSI) as defined by Andrich and Douglas [14] A PSI > 0.85 is required to use the scores at the individual level.
The invariance of the scales was assessed by looking for differential item functioning (DIF) [15] across several factors: sex, age (<60, 60-70 and >70 years) and involved joint (hip or knee). Items with DIF were split by group to allow item parameters to be estimated separately in each group.
Residual correlation matrices were examined to determine local independence of the scales. Local dependence between two items is detected when the correlation of their residuals is higher than that of the residuals between most pairs of items. Unidimensionality was determined through the PCA of the residuals.
Finally, to check whether the misfitting items of a domain create a significant bias in the domain score, we compared the person-estimates with and without these items. A non-significant difference in person-estimates (i.e. levels of QoL of patients) means that the misfitting items do not create significant bias at the domain level.
The final sample size was 544 and met literature recommendations [16, 17] . Rasch analysis was conducted using RUMM2020 v4.1 software (Rumm Laboratory, Perth, Western Australia). All P-values were adjusted according to the Bonferroni method, and overall significance level was set to 0.05.
Results
A sample of 648 patients was available. Data for 50 patients with >50% missing responses for a domain, 28 patients at a post-operative stage and 26 patients with both hip and knee OA or missing data regarding the involved joint were excluded from the Rasch analysis. Of the remaining 544, 62% were women; 56 and 44% had hip and knee OA, respectively; 55% were receiving medical care and 46% were waiting for surgery. The item difficulties [level of QoL needed to answer positively to an item (see supplementary data available at Rheumatology Online)] demonstrated good coverage of the sample for all domains except social functioning (see supplementary figure 1, available as supplementary data at Rheumatology Online).
Physical activities domain (16 items)
The domain showed a lack of fit to the model (Table 1) . Items 4, 5, 7, 8 and 10 showed a DIF for joint; Item 28 a DIF for sex. The residuals and ICC suggested misfit for Items 3, 6, 9, 14 and 28 (Table 2) . Local dependence was found between Items 4 and 5 (r = 0.42), Items 7 and 8 (r = 0.49) and Items 13 and 14 (r = 0.48). The PCA of the residuals showed a significant deviation from unidimensionality.
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Removal of items showing misfit, DIF or local dependence one by one resulted in a set of eight items: Items 1, 2, 3, 6, 9, 11, 13 and 24 (fit of Items 3, 6 and 9 improved during the iterative process and were thus kept in the core set). This set of items showed good fit to the model (Table 1) , no local dependence was left and unidimensionality was respected. The comparison between personestimates of the core set and person-estimates of the full-item domain showed that the difference was non-significant, meaning that the removed items do not create significant bias in the full-item domain.
Mental health domain (13 items)
The domain showed lack of fit to the model (Table 1) Table 1 ). The difference between person-estimates of the reduced domain and the full-item domain was non-significant, meaning that the removed items do not create significant bias in the full-item domain.
Pain domain (four items)
The domain demonstrated good fit to the model (Table 1) . No DIF was found for joint, sex or age. No item was misfitting according to the residuals and the ICC (Table 2) . Residual correlations were found between Items 26 and 27 (r = 0.22) and Items 33 and 34 (r = 0.30). Unidimensionality was respected according to the PCA of residuals. Removing Items 27 and 34 left no local dependence but had no impact on person-estimates.
Social support domain (four items)
The domain showed moderate fit to the model (Table 1) . No item was misfitting according to the residuals and the ICC (Table 2) . No DIF was found for joint, sex or age. Local independence was respected; only a weak residual correlation was found between Items 42 and 43 (r = 0.15). Unidimensionality was respected according to the PCA of residuals. Removing Item 43 left no local dependence but had no impact on person-estimates.
Social functioning domain (three items)
The domain showed a lack of fit to the model (Table 1) . No DIF was found and no item was misfitting according to the residuals and the ICC (Table 2) . Local dependence was found between Items 31 and 32 (r = 0.10). Removing Item 32 left no local dependence but had no impact on person-estimates. Unidimensionality was respected according to the PCA of residuals.
Discussion
The Rasch analysis of the OAKHQOL confirms the validity of the five scales, despite some misfitting items, that did not compromise the measurement properties of the five domains. Of 40 items, 9 showed DIF, 2 showed misfit and 10 pairs showed local dependence, but these findings do not create a significant bias at the domain level. The target population covered most of the severity levels of OA. For all domains except social support (only three items), the range of QoL for the sample was well covered by the item difficulties. The questionnaire is thus well suited to discriminate small variations in QoL for our target population. This corroborates the good results obtained when mapping the OAKHQOL items with the OA core set of the International Classification of Functioning, Disability and Health [18] . We used a conservative approach and retained in the scales any misfitting item as long as the domain score remained unbiased. Indeed, the Rasch model was originally considered a confirmatory tool [8] and may not be appropriate to select items to be removed. Removing items to obtain fit is not a guarantee that the scale improved [19] . Moreover, removing items should imply a consideration of the content validity and a validation of the shortened instrument with an independent sample [20] .
Another issue justifying caution when interpreting misfit of items is that fit results depend on the power of the tests. Power increases with the sample size and variance of the subjects (i.e. the PSI). With our large sample and high PSI, even small differences between observed and expected values may result in statistically misfit data [16] . This situation can explain why some chi-square statistics remained significant, while the comparison of personestimates showed that the bias in the full-item domains were negligible.
For every item demonstrating DIF, a clinical interpretation can be found. For example, Items 4 and 5 show that going down or climbing stairs is, as expected, more difficult for people with knee than for those with hip OA. In contrast, dressing, cutting toenails and getting in and out of a car are more difficult with hip OA. Some other explanations are obvious ('feel older than my years' and DIF for age), some are more subtle ('been afraid of being dependent on others' and DIF for sex), but all make sense. In the same way, all observed issues of local dependence appear between items that are conceptually close (e.g. 'need to spare oneself' and 'take longer doing things'). These are violations of the Rasch model assumptions, but we showed that in the present case they do not create a significant bias for the domain scores.
Conclusion
The five domains of the OAKHQOL questionnaire show good measurement properties by Rasch analysis and provide valid scales to measure the specific QoL for patients with hip or knee OA that is under medical management or those waiting for surgery.
Rheumatology key messages
. The OAKHQOL questionnaire is valid for use in its current five-scale format. . The OAKHQOL shows good measurement properties through Rasch analysis.
